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Controling the Shape of ZnO crystals in aqueous solution: Does pH alter the effect s of  growth modifiers?
LaDean M. Cooley ‘09 and Dr. Simon P. Garcia.  Kenyon College Department of Chemistry, Gambier, Ohio
Introduction
Amines and carboxylic acids (deprotonated) can act as a Lewis base to metal 
ions. Compounds with multiple coordination sites have been shown to be 
ligands capable of bridging multiple zinc(II) ions in solution. This multi-
dentation causes preferential capping of one crystal face due to the chemical 
distinction of the faces. The difference in crystal face growth due to the 
ligands results in growth directionality, altering the aspect ratio of the 
crystals.
Controlled zinc oxide crystal growth will enable new semiconductor 
devices, including solar cells, ultraviolet lasers, and sensors.
ZnO nanostructures are promising materials for electronic and optoelectronic 
applications due to their semi-conducting, optical, and piezoelectric properties, 
combined with their relative ease of growth by various techniques. The properties 
of ZnO can be strongly influenced by the size and morphology of constituent 
crystals. Using elongated, rod-like ZnO crystals instead of spherical crystals greatly 
increases the overall electron mobility, making conduction more efficient and thus 
more desirable.
Controlling crystal shape is a current challenge in synthesizing new 
semiconductor materials.
One way to gain such control is to add ligands that direct the growth of crystals into 
specific shapes. This approach has recently been demonstrated in low-pH solutions. 
Does it still apply in high-pH, alkaline solutions, which are used for industrial crystal 
production?
Background
Face-specific crystal growth controls crystal shape.
citrate
sodium docecyl sulphate
(SDS)
triethanol
amine (TEA)
What effect do known growth 
modifiers have at high pH?
Experimental  Procedure
To enable slow, controlled crystal growth, ZnO was crystallized in two steps. 
Tetrahydroxozincate was generated in-situ by hydroxide complexation at room 
temperature, resulting in metastable, supersaturated solutions. To initiate 
crystal growth, solutions were heated in the presence of seed crystals, and 
ligand molecules, for 18 hours at 65-70 oC. The resulting crystals, which were 
hexagonally prismatic and elongated, were imaged by optical microscopy and 
their dimensions were measured quantitatively, allowing calculation of the 
aspect ratio.
Balanced equations for crystallization:
Zn(NO3)2 + 4OH --> Zn(OH)4 + 2NO3 (18 oC)
Zn(OH4) --> ZnO + H2O + 2OH (70 oC)
_________________________________________________________
pH 11.8: citrate reactivity is quenched!
1mM Citrate 10mM citrate 100mM citrate
_________________________________________________________
pH 12.1: citrate reactivity is quenched!
1mM Citrate 10mM citrate 100mM citrate
Results
For each of the modifiers:
• Various crystal aspect ratios were observed for 
different pH.
• The concentration of  the modifier did not affect the 
aspect ratio at specific pHs.
How does pH alone affect the            
aspect ratio of ZnO crystals?
Crystal Shape is Acutely Sensitive to pH alone.
Crystal shape at different pH values
pH 11.4 pH 12.1 pH 12.3
The mean aspect ratio increases from 2.53 at pH 
11.4 to 11.83 at pH 12.1. Surprisingly, this trend 
reverses sharply above pH 12.1, with aspect ratios 
dropping to 3.35 at pH 12.3.
Special thanks to the Kenyon Summer Science Program and the Dreyfus Foundation.
Conclusions
• While these modifiers reduce aspect ratio during    
growth at lower pH's, this activity is deactivated above  
pH 11.4.
• The shape of crystals was controlled by the pH of the        
solution.
• The system is highly sensitive to the pH of the solution  
as seen by the sharp changes in aspect ratio over small 
pH intervals.
Ligands for Shape Control
The three ligands below are known to reduce the aspect ratio of ZnO crystals 
in low-pH solutions. Do they retain shape-control activity at high pH?
Primary growth faces on 
hexagonally prismatic crystals 
with wurtzite structure. Axial 
growth is normal to 
hexagonal faces, and 
equatorial growth is normal 
to lateral prism faces. Two 
dimensions specify crystal 
shape: width w across the 
hexagonal face and length l 
across the lateral faces. The 
aspect ratio of crystals is 
defined as the  ratio of crystal 
length to width.
